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1. 瘦尾胸刺水蚤的即孵卵在产卵后平均经 28.0 h（半数孵化时间）无节幼体
孵出，其中卵裂期（包括 2 细胞期、4 细胞期、8 细胞期、16 细胞期、32 细胞期、
64 细胞期和 128 细胞期）、囊胚期、原肠期和肢芽期持续的时间分别为 10.3 h、
1.6 h、11.3 h 和 4.8 h，其卵裂方式为具辐射性对称的完全卵裂。瘦尾胸刺水蚤滞




2. 20 ℃时，即孵卵的耗氧率随胚胎发育呈上升趋势，在 18 h 达到最大值 7.32 
ng O2 embryo
-1 h
-1，18 h 内平均耗氧率为 5.36 ng O2 embryo
-1 h
-1。瘦尾胸刺水蚤
滞育卵从刚产出到第 25 d 耗氧率呈 L 形，刚产出后耗氧率增加，第 3 天上升至







关。滞育卵产出后第 1 天蜕皮激素滴度最高，相对滴度为 1.00，第 8 天与第 17



















Marine copepods are important links in the process of energy transformation, 
material circulation and biogeochemical cycle in marine ecosystem. Embryogenesis is 
a key phase of the process of biological ontogeny, and it directly affects the hatching 
success, larval development, and then the population and resource recruitment. The 
planktonic calanoid copepod Centropages tenuiremis is one of the dominant copepod 
species in Xiamen waters in winter-spring. Embryonic morphology, respiration rates 
and ecdysteroids levels in both subitaneous and diapause eggs of C. tenuiremis were 
all investigated in this study to understand the noticeable period in its life history and 
to discuss its physiological mechanism of diapause preliminarily. The main results 
were as follows: 
1. The morphology of embryonic development. Subitaneous eggs of C. tenuiremis 
were stained with fluorescent nucleic acid stains DAPI and then observed with 
confocal laser microscopy. We presented different developmental stages at 20 ℃:  
cleavage stage （including 2-cell, 4-cell, 8-cell, 16-cell, 32-cell, 64-cell and 128-cell）, 
blastula stage, gastrula stage and limb-bud stage, which lasted 10.3 h, 1.6 h, 11.3 h 
and 4.8 h respectively. The observation showed the completely radial cleavage mode 
of C. tenuiremis, and median hatching time was 28.0 h. Subitaneous eggs had a thin, 
smooth shell while the diapauses eggs were thicker and with “spine” on it, which 
lengthened up to 10 - 15μm after being laid for 0.5 h. DAPI penetrated the chorion 
after treatment of chitinase enzyme so that the diapause was presented after being laid 
for 20 h, at blastula stage. 
2. The respiration rate of embryo. The respiration rates in both subitaneous and 
diapause eggs were measured using Oxygraph Liquid-Phase Oxygen Measurement 
System. Respiration rates of subitaneous eggs increased steadily with development 
and reached maximum of 7.32 ng O2 embryo
-1 h
-1
 18 h after deposition, and the 
average respiration rate was 5.36 ng O2 embryo
-1 h
-1
. Respiration curve of diapause 
eggs within 25 days after deposition followed the L-shaped pattern: it increased 



















, and then declined gradually and maintained at a low level （48% of the 
maximum）. 
3. The ecdysteroids level of embryo. The relative titers of ecdysteroids in both 
subitaneous and diapause eggs were measured during development and diapause 
using ELISA. The trend of relative titers in subitaneous eggs was slow with the 
maximum 0.61 at 24
th
 h, at limb-bud stage. Another peak was 0.57 at 12
th
 h. The rise 
of ecdysteroids level might due to the forming of exoskeleton. For diapauses eggs, 
ecdysteroids level was highest at the 1
st
 day, the following two data were 0.41, 0.46 at 
8
th
 day and 17
th
 day relatively, both were below the average level of subitaneous eggs 
（0.53）. 
 










































































































表 1.1 卵裂方式的分类（引自张红卫, 2001） 
Tab. 1.1 The classification of cleavage（From Zhang H-W, 2001） 




 螺旋状对称 大多数的软体动物、环节动物、扁虫及线虫 
 中度卵黄 两侧对称 海鞘 
  交替螺旋对称 哺乳动物 
  辐射状对称 两栖类 
不完全卵裂 端黄卵 两侧对称 头足纲、扁虫 
  圆盘形 爬行类、鱼类、鸟类 



























pacificus 、Metridia pacifica、Calanus finmarchicus（Zirbel et al., 2007）、Calanus 
helgolandicus（Buttino et al., 2004）等。卵裂时，卵裂面将受精卵完全分开，卵
裂球大小相近，随着分裂的进行，通常在 32 细胞期前分裂球数量成倍增加，其
后规律不明显，也有行表面卵裂的种类，如一种寄生桡足类 Lernaea cyprinacea L.
（Benedetti et al., 1989）。在卵裂过程中分裂球的排列方式也各不相同，Fuchs 对
一种寄生桡足类 Megacyclops viridis 卵裂细胞谱系进行研究发现，其发育模式与






Mesocyclops longisetus（Rasch and Wyngaard, 1996），核质体积已达到一定的比例，
如 Meganyctiphanes norvegica（Alwes and Scholtz, 2004），且卵裂速度减慢，如
Canalus pacificus（Zirbel et al., 2007）。 
囊胚的形式和卵裂类型有密切关系。完全均等与完全不均等卵裂所形成的囊
胚呈球形，中间有明显的囊胚腔，为有腔囊胚。盘状卵裂形成的囊胚呈盘状，盖
于卵黄上，在胚盘与下面卵黄间有一扁腔，称胚盘下腔（Alwes and Scholtz, 2004）。
表面卵裂形成的囊胚为一层分裂球包围在中央卵黄外面，没有囊胚腔,如 Lernaea 
cyprinacea L.（Benedetti et al., 1989）。 
囊胚期的细胞继续分裂，囊胚腔逐渐扩大。较晚期囊胚中，许多基因开始表
达，到晚期囊胚，一些细胞开始特化，少数细胞将向囊胚腔侵入,如挪威磷虾
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